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It has been pointed out in the initial paper of this series (1) that in 
the hydrolysis of sucrose by the enzyme, invertase, the course of the 
reaction is identical both when invertase solutions and when living 
yeast cells  are used  as  the source of inverting activity.  A  second 
comparison (2) of the kinetics of invertase action in vivo and in vitro, 
in which the pH-activity relationship of the enzyme was studied under 
these  two  conditions,  showed  that  the  activity of  this  hydrolytic 
enzyme was affected by changes in the [H  +] of the reaction medium 
in exactly the same manner and to the same extent both when the 
enzyme used had been extracted from the yeast cells by autolysis and 
when the living yeast cells themselves were used as the source of the 
inverting action.  As a  result of this identity it was suggested that 
the sucroclastic action of live yeast cells is located in the outer region 
of the cells where their invertase content would be most freely exposed 
to  the effect of changes in the pit of the suspending medium.  In 
an effort to obtain more evidence to support  this suggestion it was 
decided to investigate a third kinetic relationship, the effect of chang- 
ing sucrose concentration upon the hydrolytic activity of yeast cells 
and of invertase solutions obtained therefrom. 
Of the many investigations of the effect of the  concentration of 
sucrose  upon  the  velocity of its  hydrolysis by  means of invertase 
solutions, the first complete one is that of Ingersoll (3) who found that 
the velocity of hydrolysis increases with increasing sucrose concen- 
tration, reaching a maximum at about 5 per cent, beyond which the 
velocity steadily decreases.  It  was  subsequently shown by Nelson 
and Schubert (4)  that this decrease in velocity is caused largely by 
the diminution of the water concentration as the sucrose concentra- 
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tion  increases;  thus,  the  concentration  of  water  as  well  as  of  the 
sucrose is a  factor which influences the kinetics of invertase action. 
In this work the  effect of changing the sucrose  concentration  over 
the range of from 2  to 25 per cent upon the velocity of sucrose inver- 
sion  by living  yeast  cells  and  by invertase  solutions  prepared  from 
them is determined and compared. 
EXPERIMENTAL 
Effect  of Varying Sucrose Concentrations upon the Hydrolytic  Activity 
of Invertase Solutions 
The  invertase  preparation  used  was  prepared  by  autolyzing  Saccharomyces 
cerevisiae  with toluene and water.  The invertase was precipitated from the autol- 
ysate in 50 per cent ethyl alcohol and extracted from this precipitate with water. 
In determining the velocities of hydrolysis 25  cc.  of the  enzyme solution  were 
pipetted into  100 cc. of sucrose  solutions  of such concentrations as to give final 
sucrose concentrations of 2, 5, 10, 15, 20, and 25 per cent.  The hydrolyzing solu- 
tions contained 0.01 M acetate buffer, pH 4.5,  and were kept at 25  °  ~:  0.01°C. 
during  the  reaction.  At recorded time intervals 25  cc.  samples were removed 
and to each was added a drop of sodium hydroxide solution of sufficient strength 
to raise the pH to 8-9, at which  pH hydrolysis ceases.  After allowing  time for 
mutarotation to occur the samples were polarized at 25°C. in a 2 din. tube using a 
mercury arc light of wave length 546.1 ~/~. 
The results of these experiments are presented in Table I. 
Effect  o/Varying Sucrose Concentrations upon the Hydrolytic  Activity 
of Living Yeast Cells 
The  inverting  agent  in  these  experiments  was  a  suspension  of 
washed, pressed S. cerevisiae.  25  cc. of this suspension were pipetted 
into  100 cc. samples of sucrose solutions  of such concentrations  as to 
give final  sucrose  concentrations  of  2,  5,  10,  15,  20,  and  25 per cent. 
The  hydrolyzing  mixtures containing 0.01 M acetate buffer at pH 4.5 
were shaken continuously in a thermostat at 25  ° ±  0.01°C.  25 cc. sam- 
ples were removed and inversion stopped as described above and were 
immediately filtered cell-free through porous bottom Gooch crucibles. 
The filtrates were polarized as in the preceding experiments. 
The  results  of  these  experiments  are  presented  in  Table  II,  a 
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The results tabulated in Tables I and lI are represented graphically 
by Fig. I in which the velocity of hydrolysis is plotted against sucrose 
concentration. 
TABLE  I 
Variation  of Hydrolytic  Activity of Inrertase  Solutions  with Sucrose Concentration 
Sucrose concentration  Change per min,  per 100 cc. of solution  A  T  Rotation  A  Rotation  (mean value) 
gm° 
2 
10 
15 
20 
25 
m/n. 
0 
6 
12 
18 
0 
6 
12 
18 
0 
10 
20 
30 
0 
10 
20 
30 
0 
10 
20 
30 
0 
10 
20 
30 
3.13 
2.80 
2.47 
2.15 
7.86 
7.45 
7.06 
6.65 
15.64 
14.99 
14.36 
13.71 
23.43 
22.84 
22.23 
21.63 
31.23 
30.70 
30.13 
29.60 
39.03 
38.55 
38.03 
37.54 
degrees 
0.33 
0.66 
0.98 
0.41 
0.80 
1.21 
0.65 
1.28 
1.93 
0.59 
1.20 
1.80 
0.53 
1.10 
1.63 
0.48 
1.00 
1.49 
degrees 
0.0548 
0.0674 
0.0644 
0.0597 
0.0541 
0.0492 
The velocity-sucrose concentration curves obtained by using yeast 
cells are practically identical with that  obtained  by using a  solution 
of invertase obtained from the same yeast and all three curves are in 
agreement with those of Ingersoll (3)  and of Nelson and Schubert  (4) 574  KINETICS  OF  INVERTASE  ACTION.  III 
in that,  after reaching a  maximum  at  about  5  per cent,  the  velocity 
gradually  falls off  as  the  sucrose  concentration  is  increased.  Since 
Nelson and  Schubert have shown  that  the shape of this curve is the 
TABLE  II~ a 
Variation  of Hydrolytic Activity of Yeast Suspensions  with Sucrose Concentration 
Sucrose  concentration 
per i00  cc. of  solution 
gm. 
2 
10 
15 
20 
25 
~,T 
rain. 
0 
7 
17 
21 
0 
7 
17 
27 
0 
7 
17 
27 
0 
7 
17 
27 
0 
7 
17 
27 
0 
7 
17 
27 
Rotation 
degp'e~$ 
3.13 
2.67 
2,01 
1.75 
7.85 
7.30 
6.51 
5.76 
15.63 
15.10 
14.34 
13.57 
23.47 
22.97 
22.26 
21.57 
31.31 
30.85 
30.20 
29.54 
39.15 
38.73 
38.11 
37.50 
A Rotation 
degrees 
0.46 
1.12 
1.38 
0.55 
1.34 
2.09 
0.53 
1.29 
2.06 
0.50 
1.21 
1.90 
0.46 
1.11 
1.77 
0.42 
1.04 
1.65 
Change per rain. 
(mean value) 
degrees 
0.0658 
0.0783 
O. 0760 
0.0710 
0.0655 
O. 0608 
result  of  the  two  varying  factors,  sucrose  concentration  and  water 
concentration, this identity of results in vivo and in vitro indicates that 
the  invertase  of  the  yeast  cell is as  freely exposed  to  the  conditions 
of  sucrose  and  water  concentrations  which  prevail in  its  suspending J.  M.  NELSON AND  B.  G.  WILKES  575 
medium, and is just as sensitive to changes in these two variables as 
if it were contained in a  cell-free solution. 
The results of the investigation of this third kinetic relationship are 
entirely in agreement with the suggestion made in the second paper 
TABLE II, b 
acrose concentration 
er 100 cc. of solution 
gm. 
2 
10 
15 
20 
25 
~T 
min.  degrees 
0  3.15 
6  2.77 
11  2.44 
16  2.12 
0  7.83 
7  7.29 
17  6.53 
27  5.75 
0  15.64 
7  15.11 
17  14.36 
27  13.60 
0  23.45 
7  22.96 
17  22.27 
27  21.57 
0  31.33 
7  30.88 
17  30.24 
27  29.61 
0  39.11 
7  38.69 
17  38.11 
27  37.50 
Rotation  A  Rotation 
degrees 
0.38 
0.71 
1.03 
0.54 
1.30 
2.08 
0.53 
1.28 
2.04 
0.49 
1.18 
1.88 
0.45 
1.09 
1.72 
0.42 
1.00 
1.61 
Change per min. 
(mean value) 
degrees 
0.0641 
0.0769 
0.0755 
0.0697" 
0.0641 
0.0595 
of this series (2) to the effect that the invertase of yeast cells exerts its 
physiological activity neither  in  the  cell  sap  nor in  the  cytoplasmic 
layer surrounding it,  but in a  region closer to the external surface of 
the cell where the effect of changing environmental conditions, either 576  KINETICS  O• INVERTASE  ACTION.  IlI 
hydrogen  ion  or  sucrose  and  water  concentrations,  would  be most 
pronounced. 
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FIG.  1 
The  proof that  the yeast cells used in this  work were living after 
being suspended in a  25 per cent sucrose solution for 30 minutes was 
obtained by using the procedure employed in the preceding article (2). j.  M.  NELSON  AND  B.  G.  WILKES  577 
SUMMARY 
1.  The relationship of sucrose and water concentration to invertase 
activity in vivo and in vitro has been studied under the same environ- 
mental conditions. 
2.  The  sucroclastic  activity of S.  cerevisiae  cells and  of invertase 
solutions prepared from them reacts to changes in sucrose and water 
concentration in an identical manner. 
3.  The invertase contained in living yeast cells is just as freely ex- 
posed to  the  conditions  of sucrose and  water  concentrations  of the 
suspending medium as it would be if it were contained in a  cell-free 
solution.  Weight is added to the previous suggestion  (2) that yeast 
invertase exerts its physiological activity in a region quite close to the 
surface of the cell. 
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